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‘‘ 8tandardization and its Influence on Engineering 
Industries.” 

BEINQ THE SUBSTANCE OF TWO LECTURES DELIVERED BEFORE MEETINGS 
OF THE STUDENTS OF THE INSTITUTION O F  CIVIL ENGINEERS, I N  THE 
SESSION 1908-1909. 

By  WILLIAM  CAWTHORNE  UNWIN, B.Sc., LL.D., F.R.S., 
Vice-President  Inst. C.E. 

THE  Engineering  Standards  Committee  originated in  January, 1901, 
as  the  result of a motion  by Sir  John Wolfe Barry a t  a  meeting of the 
Council of The  Institution of Civil Engineers.  Initially  the  object in 
view  was the comparativelylimited  one of arranging  a series of standard 
rolled sections of iron  and steel. A large  proportion of engineering 
structures, especially ships, bridges and  rolling stock, are composed 
of such rolled material. It appeared that large  waste and delay 
in manufacture  were  due  to the production in  the rolling-mills 
of an unnecessary  multiplicity of different sections, to meet the 
requirements of different engineers, a t  different times,  and  for 
various purposes. It seemed probable that a much smaller  number 
of sections, selected on some rational  system, would really meet all 
requirements. But it was also clear that  an influential  and  repre- 
sentative  authority was necessary, to make a selection of standard 
sections which  would be likely to be generally  accepted as  sufficient 
by engineers  and  manufacturers.  The  need of systematization in 
other  branches of engineering  soon became  obvious ; and  the work of 
the Committee  has  extended in so many directions, and has  involved 
so many conferences, discussions and investigations, that only an 
imperfect  account of it can be given in  the  limits available. It is 
necessary to select some special topics  and to  omit others, giving  a 
preference to those likely to  interest young  engineers. 

The  first  question which arises is, Wha,t is standardization,  and why 
is it required?-and  theanswer to  thisinvolves  somegeneral  considera- 
tions. It will be necessary to  point  out some anomalies in English 
practice which are  a  hindrance  to  manufacturers or to engineers. 
Next, the constitution of the  Standards Committee will  be described. 
Then  there is the  standardization of rolled material  and rails, and 
the standardiza.tion of specifications for materials. A brief account 
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will be given of the large  work of the Committee in investigating 
the  limits of accuracy of workmanship and  in proposing a series of 
limit-gauges, as  a means of securing  interchangeability in  the produc- 
tion of machine-parts. Also their proposals of systems of screw- 
threads, and suggestions as  to means of obtaining  more  accuracy 
in  their  production  than  has  hitherto been possible. Lastly, brief 
reference will be  made to  the standardization of locomotives and  to 
work in  connection  with the electrical industries. 

First of all, what is meant by standardization,  and  what classes 
of products  are  suitable  for  standardization ? Etymologically the 
word  has the same root as stand, to be erect, to abide or continue 
&m and secure, and hence to hold  a position, or condition, or a 
path or direction. A  standard is primarily that  round which 
persons stand  or  range themselves,  secondarily that by  which 
quantity or quality is fixed or regulated. To standardize is to  set 
up such  standards. 

Most  manufacturing firms, when their productions  reach a certain 
stage of relative  perfection,  standardize  them-that is, they  deter- 
mine  their sizes and cease, for  commercial  reasons, to make altera- 
tions or improvements.  The  reason for such  standardization is 
that repetition  work  can  be  done  cheaply. For standardized pro- 
ductions the operations of manufacture  are  reduced  to  a  routine, 
and it becomes  possible to manufacture in sets  and to  manufacture 
to stock. For standardized  products it is advantageous to expend 
considerable  sums in special tools and jigs, which reduce the cost 
and increase the  rapidity of production. 

I n  such private  standardization,  for  which the main  reason is 
economy of production, there is risk  that a barrier  may be set  up 
which hinders progress. But provided  standardization is not 
effected too  soon or adhered  to too  tenaciously, the advantages 
overbalance the disadvantages. It should be pointed out, however, 
that, while the economic advantage of standardization of particular 
products of manufacture  are obvious and  immediate, the evils of 
stereotyping  practice  and  preventing  improvement  only become 
apparent gradually.  The  more complex a  machine the greater is 
the  di5culty of standardizing it, and  the  shorter is the period likely 
to be  during which alterations can be avoided. When  alterations 
have to be made, special tools must  be scrapped.  Standardization 
by  private  manufacturers is carried  further  in  the  United  States 
than  in  Great  Britain.  When a. private  standardization comes after- 
wards to be generally  adopted, as was the case with  the  Whitworth 
screw-thread  system, or the Morse taper for drill  and  rimer 
shanks, it has been  very  advantageous. But American  engineers 
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are now  well aware that private  standardization,  restricted to 
particular  workshops,  has serious evils. It tends  to  the creation of 
monopolies and is a hindrance to progress.  Such  standardization is 
often  premature  and  applied in unsuitable cases. 

At one  time,  and  in some  cases still,  manufacturers  have  had 
the wish that  their productions should have a special character 
recognizable  as different from  those of other manufacturers. No 
doubt in  the case of specialities competition is largely  eliminated 
and cost of production is a secondary  consideration. But even in  
such cases, the  attempt  to create  a monopoly  by a kind of 
standardization  has  often  proved a mistaken policy. For ordinary 
commercial  products, especially for  details in common use and  part 
manufactured  products, cost of production is  a  primary  considera- 
tion,  and  the  greatest economy is realizable and  the disadvantages 
of standardization  are least, if all  users and  manufacturers  can 
agree  to  accept  the  same  standards of size and quality. There is a 
community of interest of manufacturers  and users, and  both  as to 
quality  and price the best  results are achieved  by  what Sir John 
Wolfe Barry  has called the  “sympathetic co-operation of the 
purchaser  and  producer.” It was in  the hope of arriving a t  
a common agreement of this  kind  in  regard  to products  most 
widely in demand that  the  Standards  Committee was created, and 
in  its work there has been a  very close association of leading  engi- 
neers, large  manufacturers,  and  representatives of trading  interests. 

The economic advantages of standardization  have been more 
generally recognized since the Standards  Committee  began its work, 
and if is interesting  to  note  that, recently, some large  railway- 
companies  have  introduced  measures of standardization  for  their 
special requirements.  Thus, the general  manager of a  great 
railway stated  that  he had effected a  standardization of points and 
crossings. Previously each district  engineer  designed  points  and 
crossings  for each particular locality and  to  his own liking.  Under 
the direction of the general  manager,  various  designs  were collected 
and  a convenient series was selected and made standard. Now three- 
quarters of all the points  and  crossings used on the railway are 
simply  ordered as  standard  and  are supplied  more  rapidly than 
before. Similarly,  a  standardization of the most frequently  required 
stores is being  made by a  committee of officials, and it is expected 
that  this will effect a  considerable annual saving of expense. 

I n  order to constitute a series of standards of any class of pro- 
duction, with  any hope that  they will be widely  adopted, they  must be 
fixed bysome authoritywhichis recognized as  competent and represen- 
tative by both  manufacturers  and users. A general  standardization 
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appeared to be  possible in  three classes of cases. (U) There  might 
be a limitation of the  number of forms and  the dimensions of the 
simpler  elements of which structures  are  built  up, which users would 
accept as sufficient for  their  requirements. ( b )  There  might be 
standardization in  the sense of fixing those  physical  properties and 
qualities of materials of construction  which by general  experience 
had  proved  best in practice, and  the  tests  and  regulations  for 
inspection  which  users of material  should  demand  before acceptance. 
It would obviously  simplify the operations of manufacturers if 
goods  could  be ordered to a standard specification instead of to 
discrepant specifications prepared by different engineers. ( c )  Lastly, 
in  the case of some largely used machines, it appeared possible to 
lay down some general  standard  regulations as to design and 
accuracy of workmanship,  which would so far  help  manufacturers 
that  they would  be able to foresee the demands  with which they 
would have to comply. 

For international  standardization,  which would be desirable if it 
were possible, a common system of weights and measures is necessary, 
and  unfortunately  that does  not at  present exist. The  Committee 
had  to consider  whether their decisions should  be  expressed in  the 
metric  system of measures.  Although  sympathizing with  the views 
of some members  favourable to  the  adoption of metric  measures, the 
Committee came to  the conclusion that unless the metric  system  were 
made  obligatory by  Parliament,  its use in  their findings would  be 
seriously  prejudicial to  their adoption. It is not difficult to realize 
the dismay of manufacturers, i f  they had  been  suddenly faced by the 
problem of altering  their tools to  work  to  a  series of metric  standards. 
If the decisions of the Committee  were to  be adopted, it appeared 
obvious that  they  must be  expressed in  the measures now in use in 
English workshops. It was found  impracticable to express  dimensions 
in  both  the  English  and  the metric  systems. 

There is a  proverb that " He who  pays the piper  may call the 
tune." We have  hitherto  in  manufacturing  acted too literally in 
the  spirit of that proverb.  Engineers  requiring rolled material, or 
rails, or  cement, or dynamos,  have  assumed the  right  to draw up a 
specification and  to impose tests of quality, in accordance  with their 
own ideas and limited  experience, and  without  any  regard to  the 
restrictions  and inconveniences thus caused in  their  manufacture. 
On the  other hand,  manufacturers  have,  with  little  protest,  accepted 
this  state of things  and have  recouped  themselves  for the extra cost 
and waste,  involved in meeting the divergent  requirements of 
different  purchasers of material,  by  raising the prices of their 
products.  Manufacturers  are  not  philanthropists,  and  a  little 
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consideration will  show that whatever  trouble or expense is caused 
by the exceptional  demands of clients  must in  the long run be paid 
for by the  clients themselves. 

Already, in Germany and  the  United  States, some considerable 
steps  had been taken  in simplifying and systematizing the manu- 
facture of things of general  application, and  standards of form and 
quality were  accepted  by  general  agreement. I n  this  country we 
might  have  gone on in  a characteristically individualist  and 
unsystematic way, but for the increasing  pressure of external com- 
petition. It has become essential to  the  prosperity of our  industry 
that cost of production  should be reduced. 

I n  a recent speech a t  West  Hartlepool, Sir Christopher  Furness 
said that : ‘‘ To have been told  ten  years ago, or even five years ago, 
that  Japan would  be building,  and  building  with the  greatest 
success, Dreadnoughts,  destroyers  and  23-knot  liners, would have 
been regarded as  a dream.  Continental  competition was also increas- 
ing by  leaps and bounds, but  in  spite of all  he was  convinced that 
we could hold our own-nay, more than hold our own-if  we would 
but  shake off the incubus of our  stereotyped  industrial methods.” 
Sir Christopher looked for economy to specialized production in  
large  quantities  under  expert management.  The work of the 
Standards Committee tends  to  facilitate  such economies and  to 
abolish  waste  due to  the present  unsystematic  methods of 
production over a still wider field than  that contemplated by Sir 
Christopher. 

STATUTORY STANDARDIZATION OF WEIGHTS AND MEASURES. 

Perhaps  the most important of all examples of standardization is 
the  statutory  standardization of weights and measures. From  the 
time of Henry 111, the  statute-book  abounds in Acts  to secure 
uniformity of weights and measures.  Blackstone states  that “it 
was necessary to have  recourse to some visible, palpable,  material 
standard ; by  forming  a  comparison  with which all  weights and 
measures  may be reduced to one uniform size ; and  the prerogative 
of fixing this  standard our antient law  vested in  the crown.” A 
standard yard of 1496 still  exists  and was in use till  the reign of 
Elizabeth.  A  standard  bushel  and  standard 14-lb. weight of the 
same date  are also in existence. I n  1824 an  Imperial  system was 
established by Act of Parliament,  partly to secure greater  uniformity 
in transactions of trade  and pa,rtly to  provide more accurate 
standards for scientific research. The  existing  standards  were 
imperfect and  the means of comparing copies with  the  standards 
[THE INST. C.E. VOL. CLXXVII.] EI 
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were  inadequate.  The  Act recites that even at   that  time  the 
diversity of measures in use was the  muse of confusion and fraud. 
Fundamental  standards of the yard and pound  were then made and 
deposited in  the Houses of Parliament  and copies in  other places. 
These  original  standards of 1824 were  destroyed  by fire in 1834 and 
new standards were  created in 1856, copies of which are deposited 
at  the  Mint,  the Royal  Society, the Royal  Observatory and  the 
Standards  Department. By law these copies are compared with 
each other every ten  years  lest  any change  should  have  occurred. 
For comparison of measures in general  use  with the  standards,  there 
is a Standards Office under  the Board of Trade  in  Westminster,  and 
there  are  various local  offices. By the efforts of the  Standards 
Office and  a staff entirely  concerned with  the  particular question of 
verifying  and comparing  measures, a quite  extraordinary degree of 
acc,uracy of measurement  has  been  achieved. A number of 
secondary standards of other measures  have  been  created and  metric 
as well as British  standards have been  made. At   the time when 
Sir Joseph  Whitworth  took  steps  to secure  higher  accuracy in  the 
manufacture of machines,  he  complained that no  two  workshops  had 
the same  idea as to  the  length of an inch. Since that  time a great 
advance  has  been  made. Standard gauges  compared with  the 
standard  yard have  been  deposited at   the Standards Office, for 
comparison  with the gauges  used by engineers.  These consist of 
end  standards from 1 to 12 inches,  a series of cylindrical gauges, 
external  and  internal,  and  thickness gauges  from 0.01 to 0.1 inch, 
rising by thousandths of an inch. The accuracy now achieved in 
mechanical  work is mainly  due  to tl!e certification of gauges by the 
Board of Trade  and  to  the use of accurate  gauges  produced  by Sir 
Joseph  Whitworth.  The work of Whitworth  has been of immense 
importance in every  branch of engineering. 

This  important case of the statutory  standardization of weights and 
measures  has  been  referred to, because its usefulness is universally 
recognized. The method of having  fixed  material  standards  with 
which others  can be compared, and  a  staff whose business it is to 
make  such  comparisons and  to  certify copies of the  standards which 
are used in workshops, is one which has also been adopted by the 
Standards Committee. 

ORIGIN AND CONSTITUTION OF THE STANDARDS COMMITTEE. 

As has  been stated,  an opinion  grew up  in  recent  years  that  there 
was a  great waste of time  and money at   the rolling-mills of this 
country, in consequence of the very  unnecessary  number of sections 
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of angles, tees,  beams and  other rolled sections which were  being 
produced, but which  no single steel-maker was powerful  enough to 
refuse to  roll. Sir John  Wolfe  Barry  made  inquiries and  found a 
preponderance of opinion in favour of an effort a t  simplification. 
The  need of an authority  to  initiate  action led  him, in 1901, to 
propose to  the Council of The  Institution of Civil Engineers  to  form 
a representative  Committee  to  consider  the  question. 

The Council  recognized the importance of the question and  the 
great  variety of interests  involved. I n  order to form a body of 
the most  influential  and  representative  character  to  consider the 
matter,  the Council  invited the Councils of other  Engineering 
Societies to co-operate with  them. The Standards Committee 
thus came to be formed of representatives of the Councils of The 
Institution of Civil Engineers,  the Mechanical  Engineers, the  Naval 
Architects, the  Iron  and  Steel  Institute  and,  later, of the Electrical 
Engineers.  The  Committee  thus  constituted  and  furnished  with 
funds,  partly  by  the  Institutions named, partly by subscriptions  from 
railway-companies  and  manufacturers, and  partly by a Government 
grant, proceeded to review the work to be undertaken. It became 
obvious that a  standardization of specifications for material was 
quite as important  as  a  standardization of rolled sections, and 
in various ways as the discussions proceeded the work of the 
Committee  has  extended. 

Next, by the action of the  Xain Committee,  twelve sectional and 
twenty-eight  sub-committees were formed and  on these  were placed 
representatives of the Board of Trade, the  War Office, the Admiralty, 
the  India Office, the  great  shipping-registration societies, various 
trading associations, railway-companies and large  manufacturers. 
Nearly 300 members of these  Committees  have  given  gratuitously 
much time  and  assiduous attention  to  the questions  submitted to them. 

The  sub-committees report  to  the sectional committees, and these 
to  the main  committee, which finally sanctions all recommendations 
before  publication. 

It will give some idea of the  extent  and importance of the work 
of the committees, if it is mentioned that,  in  addition  to  the 
gratuitous services of members of the committees, it has  been 
necessary up to  the  present  to expend 225,000 in office-expenses, 
in collecting information, in  printing,  in  constructing  standards, 
and  in various  experimental  researches. 

The sectional and sub-committees  formed tribunals of great 
technical competence, in  which conflicting interests were reconciled 
and compromise; arrived a t  by mutual  consent.  The result of 
prolonged discussions has generally  been that nearly  unanimous 
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decisions  have  been  arrived at. And further,  in some  cases of 
difficulty, investigations  have  been  carried  out  by  members of the 
committees or a t  their expense,  which  have cleared up  important 
questions and added to  the stock of knowledge. 

Acknowledgment  should be made of the readiness  with which 
manufacturers  have placed their experience at   the disposal of the 
Committee,  have  supplied  materials  for  experiments, and have 
in many cases carried out investigations which appeared to  the 
committees to be desirable. 

ROLLED SECTIONS. 

The selection of a  list of standard rolled sections was undertaken 
by three sectional committees--one  on  Ships’  Sections,  one on 
Rolling  Stock and  Underframes,  and  one  on  Bridges  and Con- 
structional  Material,  and  the final lists of standard sections were 
accepted by  all  three.  Both  in  Germany  and  the  \United  States 
standard  lists of rolled sections  had been generally  adopted. If 
was known that numerous  orders  had  been  refused by American 
steel-makers because the sections  required differed from  American 
standard sections. American  firms  took the position that unless 
their  standard sections were taken  they did not care  for orders, 
and  that was prima facie evidence of the  advantage  they  found  in 
standardization.  They would not  cut rolls for orders of less than 
10,000 tons,  whereas in  this  country rolls had  sometimes been cut 
for  orders of 50 tons. Mr. Panton, of Messrs. Dorman,  Long and 
Company,  mentioned a case where five pairs of special rolls were cut  for 
an order of 250 tons. Sir John Wolfe Barry has mentioned  a case 
where an  architect insisted on  having a special section  for an order 
of 200 tons,  when special rolls were cut  and  the cost of the  material 
was raised  by X1 per  ton. Mr. Hamilton  Turner, of the firm of 
P. W. McLellan, of Glasgow, stated  that  his firm had  made  hundreds 
of rolls a t  a cost of about X200 a  set,  for special sections, and  that 
four-fifths of these  had  never  been used a second time. In   the  
absence of any  standard  list of sections, engineers and  architects 
designed  odd sections, or selected sections which  could only be 
obtained a t  a single rolling-mill, and  then found  themselves exposed 
to difficulty and delay in getting delivery. 

In   the absence of foreign  competition a happy-go-lucky want 
of system  might  have  been  continued, but it had become  obvious 
that if more  method and system  were not adopted,  foreign com- 
petition would  be serious. The  amount of money  uselessly sunk  in 
making rolls was enormous,  and the expense involved in  frequently 

Downloaded by [ Heriot-Watt University Library] on [17/09/16]. Copyright © ICE Publishing, all rights reserved.



102 UNWIN ON STASDARDIZATIOX AKD 

changing rolls for  different  orders was a tax which  necessarily in  the 
long run was  paid by the customer. For instance, it was found that  in 
more or less common use in  this  country  there were sixty-three sections 
of channels,  while the  number  in  the German standard  list was twenty, 
and  in  that of the  United  States  fourteen.  There were  fifty-nine 
sections of unequal  angles  against  fourteen in Germany and eighteen 
in  the  United  States.  There were forty-nine beam sections 
against  thirty-three  in  Germany  and  seventeen  in  the  United 
States.  One effect of the restriction in  the  number of sections was 
that  in Germany they rolled sections to stock, in  winter  and slack 
periods,  confident of a  market in a  reasonable  time. Of course, with 
fewer sections, engineers  must at  times  use  sections  rather  heavier 
than necessary, but  this disadvantage is balanced if the cost of pro- 
duction  is  proportionately  reduced. 

Moreover, there were some  special anomalies in English  practice 
which  involved  unnecessary trouble. There  were  considerable  varia- 
tions  in professedly  similar  sections  produced a t  different  rolling- 
mills, both in  the  radii of the curves a t  roots  and  corners  and in 
the  ratio of thickness  to  height  and  width. I n  some sections the 
distribution of material between  flanges  and web  was uneconomical 
and wrong in principle. 

There was a  difference  between the method of specifying  thickness 
adopted by the Admiralty  and by the shipping-registration societies. 
The  Admiralty specified in pounds  per  foot ; Lloyd’s in 2Oths of an 
inch;  the Bureau  Veritas i n   1 6 t h ~  and 32nds ; and  the  British 
Corporation in   40th~.  The  Admiralty rejected  material if it was 
over the calculated  weight, and Lloyd’s  rejected it if under the cal- 
culated  weight.  The rolling margin was in some  cases 5 per  cent. 
over, and  in some  cases 5 per  cent.  under the calculated  weight. 
After much discussion, but with  a  unanimous belief in  the necessity 
for  limitation of the number of sections  which  steel-makers  were 
required  to  produce, the  three committees  agreed  on the following 
list of sections :- 

Equal  angles 
Unequal  angles 
Bulb  angles . 
Bulb  tees . 
Bulb  plates . 
Z-bars . . 
Channels . 
Beams . . 
Tee bars. . 

. . . . . . . .  16 

. . . . . . . .  30 

. . . . . . . .  20 

. . . . . . . .  6 

. . . . . . . .  

. . . . . . . .  8 

. . . . . . . .  27 

. . . . . . . .  30 

. . . . . . . .  22 

Practical  reasons  made it desirable to include as nlany  existing 
sections as possible, consistently  with the general  principle that  there 
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should be as  far  as possible uniform  increments of weight and 
strength  in each series. The  advantages of the  standard  list  are 
now widely  recognized, and  there  is  little complaint that  the 
number of sections is insufficient for  all purposes. 

For angles, the Committee decided to  depart from the usual 
practice of tapering  the flanges, and recommended sections with 
parallel flanges. They specified the  range, ‘of thicknesses,  within 
which practically accurate profiles can be obtained by varying the 
position of the rolls, and  they  standardized  the  radii of curves a t  
root  and toe. In   the case of channels, it was found that very un- 
economical  sections  were in use  with webs thicker than  the flanges. 
I n  the sections  recommended the minimum  web-thickness is, except 
fori the smallest sections, 0.1 inch less than  the flange-thickness. 
But certain  lighter  sections  are  provided  for  use  in  railway rolling 
stock, with specially thin webs and  a correspondingly  high ratio of 
strength  to weight. After much  discussion it was  decided to express 
the height  and  width of standard sections in inches and  binary 
fractions of inches, and  the thicknesses in decimals of an inch, with 
steps of 0.025 of an inch. This does not  prevent  the  ordering of 
sections to thicknesses  expressed in other  units, so long  as the  range 
of thickness  provided is not exceeded. The  Committee also  recom- 
mended that,  in  ordering sectional  material, either  the outside 
dimensions and  thickness should be  specified, or the outside  dimen- 
sions and weight  per foot, but  not both. 

Further,  the Committee  have  issued  a  small treatise giving the 
areas, weight  per foot, moments of inertia  and section  moduli of all 
the  standard sections, which will  be of the greatest service to 
designers of structures.l 

It is a  great  matter  that  the  shipping-registration societies, 
under whose inspection an enormous  tonnage of steel is passed, and 
the  Admiralty  and  War Office have  consented to  adopt  the  standard 
sections. 

Sir John Wolfe Barry  stated in a recent  lecture that,  in  the 
works of one of the largest  steel-companies in Scotland, he found 
that  they now rolled practically the whole of their  output  to  standard 
sections. 

RAIL-SECTIONS. 
Two sectional committees  dealt  with the subject of railway- and 

tramway-rails.  The case of tramway-rails is very characteristic of 
the unsystematic  methods of this  country. Municipal  engineers  on 

l “Properties of British  Standard Sections.” Crosby Lockwood and Son. 
. 

Price 5s. 
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slight grounds, or perhaps  with the desire to  obtain a reputation for 
originality, specified rails to a  design of their own, differing very 
slightly  from  others in use, but of course requiring special rolls, in- 
volving frequent changes of rolls for different orders, and  preventing  a 
good job  where different tramways joined. It was found  when the 
Committee  began the investigations that  there were  more than seventy 
different sections of tramway-rails in  use in  this  country.  The 
Committee  found that five sections, varying  from 90 to 110 Ibs. 
per yard, would  be sufficient for all cases. These  have been approved 
by the Board of Trade,  and it is believed that now over 80 per cent. 
of the tramway-rails rolled are rolled to  the  standard sections. 

In the case of railway-rails, sections and specifications have  been 
arranged for bull-headed  rails  varying  from 60 to 100 lbs. per yard 
and  for  flat-bottomed  rails  varying  from 20 to 100 lbs. per  yard, 
and  great  attention  has been paid and some  experimental investi- 
gations  carried  out by members of the Committee as  to  the  best 
curve-radii  and slopes. 

SPECIFICATIONS AND TESTS OF MATERIAL. 

Very  early in  the discussions it became clear that a  unification 
of the general  conditions  imposed in specifications for  material, 
especially for steel, and a reduction to uniformity of the  tests of 
quality  required, was of the  greatest importance. 

When it is considered that 6g million  tons of steel  are  manufactured 
annually, it can be realized how troublesome would be  divergent 
specifications as  to  strength  and chemical  composition,  involving 
alterations of manufacturing processes for different orders. One 
firm  engaged in  the supply of material  stated that  they  had before 
them  sixteen  slightly  different specifications for  steel boiler-plates, 
thirteen  for  steel plates, eleven for copper plates, nine  for boiler- 
tubes  and  fifteen  for  steel  forgings. With such  a variety of 
specifications manufacturers  were  unable  to  anticipate  and  provide 
for  future demands, and it is impossible to suppose that such a 
variety of conditions of reception  were  necessary or rational. 

In   the  case of ship-material  manufacturers  were  under a special 
restriction,  for  the  material  has  often  to pass the tests imposed by 
two different registration societies, and  the  limits available in  that 
case are  extremely narrow. 

There can be no  doubt  that  in  the past, many specifica- 
tions have  been drawn  up  in a very loose  way and  with  little 
knowledge of the  effect of various restrictions  in  hampering  the 
operations of manufacturers. I n  a recent legal action, it appeared 
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that cast-iron  water-pipes were  specified in 1876 to be  of best cold- 
blast iron, or iron of equal  quality. Now, at   that  time  no cold-blast 
iron could  be obtained, and  to  determine  what  iron was of equal 
quality was an insoluble  problem. Obviously a specification of 
about the  date of 1840 had  been  retained in use  with the mere 
addition of the words ‘‘ of equal quality,” and  those words  could 
only  lead to trouble. Often specifications were  made by compiling 
conditions  from  two or more  older specifications, and sometimes this 
involved the prescription of antagonistic  conditions.  For  any  given 
kind of material  there  must be a specification  which is adequate  and 
yet  without  anything superfluous, and such  a specification must  be 
based  on a wide  experience of users and  manufacturers  consulting 
together. If a common specification can be adopted  by  all users, 
manufacturers,  knowing  beforehand  all  the  conditions to be met, 
will  be able  to reduce their  operations  to  a  uniform  routine,  and 
that  is favourable  both to economy and  to  obtaining the best 
quality. 

The  Standards Committee  have now drawn  up  a series of complete 
specifications for different classes of material.  These cover all  the 
necessary checks on  quality,  without  prescribing  the  merely com- 
mercial  conditions of supply which are  best  arranged  between 
manufacturer  and  client. 

No manufacturer  objects to adequate  testing  and  inspection of 
material,  but  all  manufacturers do object to have to meet  different 
tests  for  the same  material  supplied  to  different users, so that  the 
material  made to comply with  the  requirements of one  engineer 
would  be rejected by another. Clearly the conditions imposed in 
specifications should be the minimum  required  to  protect the 
purchaser, and it is  irrational  to suppose that discordant test- 
conditions are likely to secure the best  quality of material. It is 
purely a matter of experience and  investigation to determine  what 
are  the best tests for any given  material,  and  unnecessary or 
discordant  tests  hamper the manufacturer,  defeat the object of 
securing the best  material,  and  add to  the cost at which  material 
can be supplied. 

Chemical Analysis in Specijications for Steel.-Very strong 
differences of opinion  exist  amongst  engineers and steel-makers RS 

to whether a partial or complete chemical analysis  should be 
included in  standard specifications. As to  the necessity of 
mechanical tests  there is no  dispute. The question is more difficult 
because steel is a  very complex material, the properties of which 
depend not so much on individual  constituents as on the combina- 
tion of different  constituents.  The  steel-maker himself must  rely 
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on  chemical  analysis in  the control of all  his  operations, and it is 
his special business to discover the best  combination of constituents 
in steel, manufactured  by  given  ores  and processes, to secure the best 
mechanical  properties. But  the question  remains,  whether the steel- 
maker  should  be free  to use  his  knowledge and experience in 
obtaining  the best  product  from  his  materials  and  in  satisfying the 
mechanical tests  required, or whether the engineer for his own 
protection  should  specify a more or less precise  analysis of the steel, 
in  addition  to  the mechanical tests which  give  direct  information as 
to  the physical  properties of the steel. Many  engineers  using  large 
quantities of steel  require  no  chemical  analysis a t  all. The 
Admiralty  and  the  ship-registration societies have not generally 
required  any chemical analysis. Some engineers  lay  down  limits 
only  for  particular  constituents,  such  as  phosphorus  and  sulphur, 
generally  recognized as prejudicial. Some  require  to be furnished 
with complete  chemical  analyses. 

It is not  unimportant  that  there  must usually be delay in 
accepting  a  consignment of material, if a chemical  analysis is 
required in addition  to  mechanical  tests. 

It should be pointed  out also that chemical  analysis  gives  only an 
indirect  index of the  quality of steel. We know nothing of the 
effect of different  constituents  on  the  constructional value of steel, 
except  by  comparing the analyses  with the mechanical tests of 
various  samples of steel. Even  as  to phosphorus,  which is generally 
believed to be prejudicial, it has been stated by eminent chemists 
that it may  exist  in  steel  in two  conditions,  one of them  innocuous, 
and  that except in a  broad  general sense, the brittleness of steel does 
not depend  on the  total  amount of phosphorus  present. It has 
been  shown that  in a  plate the composition  varies in different  parts, 
so that, if strict  limits of composition are specified, an analysis  from 
one  end of the plate  might pnss the plate  and  another  from the 
other  end cause its rejection. A prescribed  chemical  analysis is not 
a  strictly definite condition,  unless the place in  the  ingot  from 
which the sample is taken can be also defined. Nevertheless, some 
engineers, and some  steel-makers also, set much value  on  analyses 
and  think  that  the inclusion of analyses in specifications tends  to 
exclude unfair  and unscrupulous  competition. In   the  case  of rails, 
it is usual in most cases to require an analysis, and  this  is  the 
more  reasonable because, with  rails,  tensile  and  bend  tests  are 
relatively difficult. But the following  Table shows that  hitherto, 
even in  this case, the  requirements of different  railway-companies 
have  varied  very much. The analyses are  taken from specifications 
given to  the Board-of-Trade  Committee  on the  fracture of rails. 
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CHEMICAL TESTS OF RAILS. 

l Carbon. Manganese. 
____ -_____ 

A ~ 0.4 t o  0.5 

0 '85  ,, 0.95 B ! 0.35 ,, 0.45 
0'85 t o  0.95 

0.75 ,, 0.95 D ' 0.35 ,, 0.45 
0.75 ,, 1.0 C ~ 0.45 ,, 0.5 

E i 0.25 ,, 0.5 0.25 ,, 1.25 I 

Sulphur 1 Phosphorus under. under. 

0.08 
0.08 
0'04 

0.07 
0.10 

0-08 
0.08 

0.07 
0.07 
0.10 

The engineer is in reality  only concerned with  the mechanical 
properties of materials. Provided mechanical tests  are complete 
enough, the engineer can by  them be assured of the  quality of the 
steel, without hampering the  manufacturer in the processes of steel- 
making by prescribing the composition of the steel. The Admiralty, 
except in  the cme of special forgings, are  content  with mechanical 
tests.  The Committee  on specifications for  ship-material were 
practicizlly unanimous that  no useful purpose would  be served by 
requiring a chemical analysis. No chemical analysis was required 
in  the specifications for  the steel for the  Forth  and  the Zambezi 
Bridges, or the new High-Level Bridge over the Tyne. It is  known 
that,  in some comparatively rare cases, steel which had passed the 
usual  tests,  both mechanical and chemical, has proved brittle  and 
has failed in working. But  in some of these cases the analysis of 
the steel  after  failure  threw no light on the causes of the  failure. 
The  steel would, as regards composition, have passed all  usual 
requirements. 

On the  other hand,  many  engineers still  think  that a chemical 
analysis should form part of specifications for steel, or that,  in  any 
case, they should have the  right  to demand certified copies of the 
analyses made in  the works ; and it may be admitted  that  the  usual 
mechanical tests  are  not so complete and perhaps not  in practice so 
accurately  carried  out, that  the engineer can in all cases dispense 
with chemical tests  in  addition. New mechanical tests,  such as  the 
fatigue  test  and  the impact test  on notched bars, are being 
experimented  with, and new means of detecting the exceptional 
qualities of steel in which there is dangerous  brittleness  may  be 
discovered. The evidence is already considerable that some of these 
new tests  are valuable, and  that  they may  ultimately  have to be 
adopted in  ordinary practice, beca.use they may be found to indicate 
dangerous  qualities which  escape detection by either  the  ordinary . 
mechanical tests  or chemical analysis. 
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However this may be, with the present  divergence of opinion,  no 
absolutely  uniform and  consistent course was open to  the  Standards 
Committee, In   the  standard specifications for  material  for  marine 
boilers and ships, no  chemical  analysis is required. In   the specifica- 
tions  for railway- and  tramway-rails  and for material  for  bridges 
and building  construction,  chemical  analyses  are  required. I n  
the case of material  for locomotives and  underframes  and for 
tires,  axles  and  springs,  alternative  standard specifications have 
been  prepared,  one with  and one  without  chemical analysis, and 
it is open to purchasers to use  either.  The  chemical  analyses 
required are uniform  and based on the best  knowledge and experid 
ence, and steel-makers will not have to make steel of different 
composition for  different  orders  for  material  intended for  the 
same  purposes. 

Mechanical Tests.-It has  already  been  pointed  out that  in 
selecting  materials  for  his  constructions, the engineer  is  really 
concerned  only with  their mechanical properties, their resistance to 
stress  and  their  adaptation  to  the mechanical processes of the work- 
shop. To examine  these  mechanical  properties  certain  mechanical 
tests  have been devised-such as tensile  and bend tests-and 
experience  shows that, although  these  are in some respects  crude 
and empirical, they suffice, if properly  carried  out, in  all  but a 
few  very  exceptional cases to  detect bad or unsafe  material. It 
i s  in  the case of steel that a  careful  system of testing is of 
the highest  importance, because in steel the mechanical  properties 
vary  through  a  very wide  range,  and  small  differences in composi- 
tion or thermal  treatment make great differences in  its  suitability 
for construction. 

It is of the  utmost  importance  that  tests made a t  different  times 
and places, on  materials  varying more or less in  quality  and size, 
should be of such a kind  that  their  interpretation is clear and 
unambiguous. It is altogether  misleading, if limits of tenacity  and 
elongation  on  one  test-sheet  have  a  different  meaning  from  those  on 
another  test-sheet. Now the  great  care  and  skill which  has  been 
expended on  the construction of testing-machines for metals  has 
secured this,  that  tests  can be quite  satisfactorily  made  and that  the 
results so far as the  strength of the  material is concerned are all 
absolutely  accurate  within a small  margin of error. But  there is 
another  quality equally important  to  the  engineer,  the  ductility of 
the material,  generally  assumed to be indicated by the elongation of 
a test-bar when  broken. Exact  limits of percentage of elongation 
are  laid down in specifications. But  hitherto, as will  be seen 
presently, the conditions  required to ensure that  the measure of 
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elongation in one test should be comparable  with that  in another, 
have been very  unsatisfactorily  observed. I n  fact,  percentages 
of elongation  meant  one thing  in some  cases and  another  thing 
in others. 

The  enormous quantity of steel which is used and which has  to be 
tested  creates  a difficulty. It is absolutely essential that  tests 
should be of such  a  kind that  they can be carried out  with the least 
cost or delay. With tensile tests,  for instance, it is  often necessary 
to make sixty or more tests  on  a single testing-machine in  the 
course of an hour.  The  refined  methods of the laboratory,  both in 
preparing  test-bars and  in measuring and  testing  them,  are 
unsuitable or impossible in  ordinary commercial testing. 

Generally, for steel, a  tensile  test  has been  exacted, and  limits of 
tenacity  and of elongation  imposed. I n  addition,  certain  quite 
empirical but very  valuable  bend and  temper  tests  are  required. 
The  engineer  requires to know that  the material  has sufficient 
strength,  and, at   the same  time, the degree of ductility  which will 
enable it to bear the rough  operations of the workshop. 

But such tests have not  hitherto been  arranged  on  any  uniform 
system.  Different  engineers  have  imposed  different  limits of 
strength  and  ductility  in accorclance with  ideas based  on a limited 
experience.  Take, as an example, the case of ship-plates, the demand 
for which is enormous and which. are only  accepted after  rigid 
testing  and inspection. It might  have  been  expected that  the  three 
great  shipping-registration societies, the Admiralty,  and  the Board 
of Trade would before this have  arranged a uniform  system of 
tests. But this,  before the action of the  Standards Committee, was 
not  the case. 

Not only  were the  limits of strength  and  ductility more or less 
different,  but  in some  cases the elongation was measured  on 
8 inches, and  in  others  on 10 inches, so that  the  test-results were 
not  directly comparable. In  the case of forgings, the Admiralty  test- 
bars  were & inch in  area  and 2 inches in gauge-length, the Board of 
Trade  test-bars were 1 inch in diameter  and 5 inches in gauge- 
length,  and Lloyd’s test-bars were 2 inch in diameter  and 2& inches 
in gauge-length. 

But with  different  ratios of the gauge-length to  the cross section 
of the test-piece, the percentage of elongation differs for a given 
material or, to  put it another way, a given  percentage of elonga- 
tion corresponds to different  degrees of ductility  in  different 
test-bars. 

The following Table  contains  a selection of test-requirements in 
different largely-used specifications :- 
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Ship-Plates- 
Admiralty  Specifications . . .  
Lloyd's , . . . . .  
British  Corporation ,, . . . .  
Bureau  Veritas ,, . . . .  

Boiler-Plates- 
Admiralty. . . . .  Grade A 

. . . .  , , B  
~ o a r ' d  of . . .  ,, A 

, , , B  
Lloyd's . . . . .  ,, A 

. . . . .  , , B  

. . .  

Rails- 
. . . . . .  

Great  Northern 
Great  Western 

London  and  North  Western . . 
. . . . . .  

Shipsteel  . . . . . . . . . .  

Bridge-Steel . . . . . . .  .! 
l 

Locomotive-Boilers . . . . . .  q 

l 

Locomotive-Frames . . . . .  

Tenacity. 

roils  per Sq. 11 
26-30 
28-32 
27-32 

27-30 
24-27 
27-32 

27-32 
26-30 

26-30 

40-48 
38-44 
40-50 
26-30 

28-32 
27-32 

27-31 
27-31 

25-32 
30-34 

24-28 
24-27 

27-31 
27-32 

24-30 
27-31 

28-32 
25-29 

244-29 

- 
Elongation. 

Per  Cent. 
20 

__- 

20 
25 

20 
18 

20 
20 

20 
20 

20 
15 

20 
16 
20 
20 
IS 
20 
25 
25 
30 
20 
18 
20 
18 
20 
25 

---- auge-Length. 

Inches. 
8 

8 
8 
10 
10 
8 
8 

2 
2 

10 
8 
8 
8 

8 
6 

8 
8 

10 
2 

10 
6 

10 
10 

8 
6 

l 0  

TENSILE TESTS. 
In tensile  tests the breaking.  weight  is  observed,  sometimes the 

yield-point,  and the elongation in a given  gauge-length. Occasion- 
ally the contraction of area is required,  but it is less often specified 
than formerly. The objection  to it is  that it is less easily and 
accurately  observed than  the elongation and is affected by small 
local defects in the test-bar. 

Elastic Limit and Yie1dyoint.-When a bar of ductile  material is 
subjected to a gradually  increasing load, the e1ong;xtions are at first 
very  exactly  proportional to  the loads, and  are wholly elastic, 
vanishing if the load is removed. A point  is  reached a t  which this 
proportionality definitely ceases, when the elongations are measured 
by  very  refined  instruments,  and  for  greater load;-: the bar  takes 
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more or less permanent  set.  The load per unit area at  which 
proportionality ceases and  set begins is termed  the  limit of propor- 
tionality  or elastic limit. At a somewhat  higher load the bar  quite 
suddenly  takes  a  very  large  permanent  set,  or yields, and  the load 
per unit  area a t  which this occurs is  termed  the yield-point. 

Yielding is really a gradually  progressive  action due  to deforma- 
tion by  slipping of the crystalline particles of which the  bar  is 
composed. It probably  begins  as soon as the primitive elastic limit 
is passed. At  the yield-point the slipping  occurs over a  large part 
of the bar  simultaneously, and  the elongation is sudden and large. 

For various  reasons it would  seem rational  to  determine working- 
stresses with reference to  the elastic limit,  and consequently that it 
would be  desirable to determine it when testing a material. But  in 
the first place it can  only be ascertained by  refined measurements 
with  instruments wholly unsuitable for use in commercial  testing. 
It is also not so fixed a  point as many  engineers suppose. I t s  
position  can be altered  through  wide  limits by straining. It is only 
when a bar is subjected to continued alternating  stresses  in tension 
and compression, that  its two elastic limits, in tension  and com- 
pression,  appear to  take fixed positions  characteristic of the 
material, which  may  be termed natural as opposed to primitive 
elastic limits. 

The  yield-point is much  more easily observed, and it is  not 
uncommon to specify either  the  yield-point itself or  the  ratio of the 
yield-stress to  the breaking  stress.  The definition of the yield- 
point is the stress  per unit  area  at which there is a  large  increase  of 
elongation without increase of load. It is very clearly marked  on 
autographic  diagrams of a test (Fig. 1 ) .  It may  be determined 
very definitely by placing  one leg of a pair of dividers in a punch 
mark  and scribing  a circle on the bar  with the other.  The  load a t  
which the elongation becomes visible when the dividers are held 
against  the  bar is the yield-point. The  elongation is so sudden  and 
so large that  the indication is quite decisive.1 I n  ordinary  testing 
the yield-point is generally determined by the sudden  drop of the 
lever of the testing-machine  or the  arrest of the gauge-finger in a 
hydraulic  testing-machine.  This  method is not  quite so satisfactory. 
The  rate of loading as the yield-point is approached  should be only 
moderately fast,  and  this  not because the yield-point itself alters 

1 In short  test-bars  an  adjustable  gauge is set to  the  distance  between  shoulders 
on the  test-bar  before  straining.  The  gauge is then  lengthened by 0.003  inch  or 
0.01 iuch. The yield-point  is  taken to be the load a t  which the  lengthened  gauge 
will just enter between the dloulders. 

Downloaded by [ Heriot-Watt University Library] on [17/09/16]. Copyright © ICE Publishing, all rights reserved.



112 UNWIN ON STANDARDIZATION AND 

with  the  rate of loading, but merely because there is great  risk of 
the jockey-weight of the testing-machine  running on after  the  drop 
has occurred and so falsifying the reading. 

The  yield-point is not generally  prescribed in specifications. I n  

Pig. 1. 

I 
E L O N G A T I O N S  

the  United  States  standard specifications it is fixed a t  half the 
breaking  stress,  but  this  is so low  a limit  that it cannot be of much 
significance. A yield-point  is  prescribed in a  very  few of the 
British  standard specifications, for  instance, in  that for crank-axles. 

INFLUENCE OF FORM OF TEST-BAR ON THE PERCENTAGE OF 
ELONGATION. 

As to the  determination of strength  in commercial  testing, the 
ordinary procedure is sufficiently accurate. But  in  taking  the 
elongation,  which is extremely  important  as an index of ductility, 
the procedure hitherto has been  very unscientific. It was till 
recently  considered sufficient to  specify the gauge-length in which 
the elongation is measured, because it was understood that for a 
given material  the percentage of elongation was greater  the  shorter 
the test-bar. But it has  only  recently  been recognized that  the 
percentage of elongation  depends  both  on the gauge-length and  on 
the cross section of the  test-bar. 

That  in a given test-bar  the percentage of elongation  depends  on 
the gauge-length is easily seen if the  distribution of elongation 
along the bar is considered. The whole elongation is made up of 
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a  general  elongation  nearly  uniform  along the bar  and  a local 
elongation confined to a  portion of the bar  near the fracture. 

The local drawing-down of the section of the  bar is easily seen in  
any  broken bar (Fig. 2). Clearly, the mean  elongation will  be 
different  for different gauge-lengths. But  this is not all. The 
elongation  due to  the local contraction  near  the  fracture  varies  with 
the section of the bar. Hence,  for  a  given  gauge-length, the 

Fig. 2. 
;.. a ...G 

percentage of elongation will  be different in two  bars of the same 
material, if the section be different. 

The  following  Table  gives the percentage of elongation in  test- 
bars  cut  from  a  plate of mild and one of medium  steel  with different 
gauge-lengths and sections. The percentage of elongation decreases 
regularly as the  ratio of the gauge-length I to  the  square root of the 
cross section A increases. 

By far  the  largest  amount of testing  is  the  testing of plates. 
Suppose  test-bars  are  cut  from ft plate of steel 1 inch  thick.  Let 
the gauge-length in which elongation is measured be 8 inches, as is 
usual. Then the percentage of elongation would vary  with the 
width of the  test-bar,  as shown in  the following  Table :- 

[THE INST. C.E. VOL. CLXXVII.] I 
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PYRCENTAGE OF ELONGATION. Plates 1 inch thick. 

Suppose that,  as  has been the practice  hitherto, the gmge-length 
only is specified. A steel-maker whose material  fails to give the 
required  elongation with  a given size of test-bar  has only to use 
larger  test-bars  to increase the percentage of elongation.  This  may 
not be done, in fact,  bnt  the elongation does vary  with the cross 
section, and  this makes the specification of elongation  absolutely 
deceptive  unless the cross section as well as  the gauge-length is 
defined. It is generally the  fact  that,  for convenience in milling, 
test-bars  are made of constant  width, so that  test-bars from thick 
plates  are  larger  in section than those  from thin plates. As the 
same  percentage of elongation is usually specified for  all plates, 
the  thick  plates have an  unfair  advantage,  and  the engineer in 
general is not  aware  in  reading  his  test-sheets  that, for instance, 
25 per  cent. of elongation in a  l-inch  plate means an inferior 
material  to 25 per  cent. in a  $-inch plate. 

Mr.  Barba first proved that geometrically  similar  test-bars 
deformed  similarly  when  broken in  the testing-machine,  Hence, for 
any given  material, the percentage of elongation is constant  only 
when the  test-bars  are geometrically similar, that is, for cylindrical 
test-bars  when the  ratio of gauge-length to diameter is constant: 
more  generally,  since the form of the cross section is of little 
influence, when the  ratio of gauge-length to  the square  root of the 
sectional area is constant. 

A considerable  experimental  investigation of this point was 
carried  out at   the Central Technical College, with  the help of the 
steel-manufacturers. Fig. 3 is a diagram of some of the results. 
The  elongation  percentages a t  different  gauge-lengths are plotted as 
ordinates,  and  the values of (gauge-length)  divided  by  (square  root of 
section of test-bar)  as abscissas. 

If any one of these  curves is followed, it will be seen that for  a 
fixed gauge-length 1, the percentage of elongation decreases as A 
decreases. Conversely, if the cross section A is constant, the 
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elongation  percentage  decreases  as the gauge-length l increases. 
Plotting results in  another way, a simple  relation  between the 

variables is found. Fig. 4 shows the  results for one  bar  plotted 
with  percentages of elongation as ordinates and values of +/AI1 as 
abscissas. Then it is found that the observed values lie very closely 

1 2  
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along  a straight  line, so that  the relation  between  the  percentage of 
elongation e and  the  quantity 4 AI1 is very  approximately a linear 
one for any given  material,  except  for  very  short  gauge-lengths. 
That is 

where c and b are  constants for a  given quality of material.  Thus 
the following are some average  values of the constants :- 

c 
Ship-plates,  lengthways . . . . . . .  67 

Boiler-plates,  lengtllways 78 
,, ,, crossways 66 

Axles . . . . . . . . . . . .  39 
Tires . . . . . . . . . . . .  27 
Annealed  copper . . . . . . . . .  125 

. . . . . . .  
. . . . . .  

,,  ,, crossways . . . . . . .  56 

18 
b 

16 
19 
16 
21 
13 
35 

The dependence of the elongation  on the gauge-length has long 
been known; its dependence  on the area of cross section  has not 
generally  been  recognized.  The  reason  for its dependence on both 
quantities can be seen, if it is considered that  the general  elongation 
i s  directly  proportional to  the  gauge-length,  and  independent of the 

Fig. 4. 

cross section. But  the local drawing-down is independent of the 
gxuge-length, and, on the principle of the similarity of deformations, 
is  proportional to the linear dimensions of the cross section 
or to  the square root of the cross-sectional area (Fig. 2) .  Conse- 
q~~ent ly ,   the  percentage of elongxtion  must be partly  independent 
of the gauge-length and  partly  proportional  to J A I L  
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I n  the  State tcsting-laboratories in Germany this law is recognized, 
and  with a fixed gauge-length of 200 millimetres, or  nearly 8 inches, 
the cross section of the normal or standard  test-bar  is  nearly half a 
square  inch,  and  that  for all sizes of bars or thicknesses of plate. 

Cases have occurred where  inspectors of steel  for  foreign  orders 
have  absolutely  refused to accept test-pieces unless they were 
machined to exactly half an inch in area. 

TO  adopt a rigid rule of this  kind would involve much delay and 
cost in  the preparation of test-bars,  and steel-makers would resent 
such an interference  with  their work. 

In this country  there was really no system at all. For plates, 
which form the  great bulk of material to be tested, a gauge-length 
was generally specified, sometimes 8 inches and sometimes 10 inches. 
The  shorter  gauge-length was preferred as involving less waste of 
material. The influence of area of section on  the percentage of 
elongation  was wholly disregarded, and usually all plate  test-bars 
were  machined to a uniform  width, to save  trouble in adjusting the 
milling-machine heads. For sectional  material and for  forgings 
different  gauge-lengths and  areas were  specified in different 
specifications. 

The  Standards Committee  have  made an attempt  to systematize 
testing so that  the results  on test-sheets should have a definite 
interpretation,  without  going so far as to hamper and delay the 
operations of the steel-maker ; and  the  manufacturers  on  the 
Committee cordially accepted, after some  discussion, the arrange- 
ments proposed. 

I n  the case of the  turned  test-bars of forgings, it is possible to 
standardize the test-bar completely. Three sizes  of test-bars 
C, D, E (Fig. 5) have been  selected by the Committee which are so 
nearly geometrically similar that for a given  material  they  give 
practically identical elongations. The gauge-lengths are 2 inches, 
3 inches, and 39 inches, and  the corresponding  areas are a, 4 and 
2 square inch. Hence,  when any  one of these  standard test-pieces 
is adopted, the percentage of elongation will be strictly comparable 
with that obtained  with any one of the others. 

For cylindrical bars-for instance,  bars of rivet-steel-it was 
possible to make the gauge-length  either  eight  or four  times  the 
diameter, B (Fig. 5) ,  and  to give a rule  for  the difference of 
elongation according as one or the  other was  chosen. In that case 
also the percentage of elongation in bars of different sizes is strictly 
comparable. 

The very important case of tests for plates  presented much greater 
difficulty. There  is an enormous  amount of this  testing  to be done, 
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and  the  steel-makers were  very  anxious that  the  standard  tests 
should not be such as  to cause any increase of  cost or delay. They 
would  have  liked  a  uniform  width of test-bar  prescribed  for  plates 
of all thicknesses, so that  the test-bars could all be milled to size in 
groups without  shifting  the milling  heads. Also, they were  anxious 
that,  for simplicity, a fixed gauge-length  should be prescribed. But 
then  either  the  thick plates would have an advantage, or EL different 
limit of elongation would have to be  speoified for  each  thickness of 
plate,  and  this is almost  impracticable. After much  discussion  a 
compromise was arrived at. Three  standard forms of plate  test-bar 
A, (Fig. 5 )  of 23? 2 and 18 inches width  are  arranged  for plates 
under 8 inch  thick,  plates 8 inch to H inch  thick,  and plates over 

inch  thick. I n   e n  approximate way the elongations in 8 inches in 
all  these will be the same for  the same  material.  The  thicker plates 
are, in  fact, a little favoured.  The great  bulk of all the  testing will 
be done  with the test-bar 2 inches wide. 

The  percentage of elongation is also  affected  by the position in 
the bar a t  which fracture occurs, and  in  the  interest of manufacturers 
the  standard specifications permit  an  additional  test when fracture 
occurs  outside the middle half of the gauge-length. 

The  broad result is that, to  the  extent  to which the  standard 
specifications are accepted-and there is evidence that  they will be 
almost  universally accepted-a great unification and simplification of 
the conditions  for the reception of material  has been  effected. 
Manufacturers will be relieved of many useless and  irritating 
restrictions,  and will be able to conduct their  operations in  the 
certainty  that  any  material complying  with standard conditions if 
not wanted  by  one  purchaser will be taken by  another. 

The Table  on p. 119 gives the requirements  in  tensile  testing  for 
ship-material. 

Bend Tests.-A  good deal of experimental  work was carried out, 
chiefly  by Mr. Bernard  Firth,  with  the object of regularizing the 
rough  but  valuable  bend  tests of ductile  material.  The  result was 
a recommendation that such tests should be carried out by the 
pressure of a  plunger  and  not by  hammering. The test-piece for 
plates to be not less than l& inch  wide and  bent  to a radius  equal 
to 1 5 times  the thickness, through 180°, without  cracking. For 
forgings the test-piece to  be l inch wide, 3 inch  thick  and 5 inches 
long. This is bent by  a  hydraulic  plunger  through an angle 
of 180°, or till  the two  segments are parallel. The  radius of 
the  end of the plunger, or radius  inside the bend of the  test-bar, 
is made to vary  with the tensile  strength of the  steel  in  the 
following way :- 
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Bange of Tensile Strength. 
Tons per Square Inch. 

Radius  inside Bend. 
Inch. 

28-32 . . . . . . . . . . . . .  2 
32-36 . . . . . . . . . . . .  
3 6 4 0  . . . . . . . . . . . . .  Q 

For steel  castings the bend test-bar is to be 1 inch wide  by 2 inch 
thick,  and is to bend  without  cracking  through  angles of 60" to 120°, 
according to  the grade  required. 

SCREW-THREADS AND LIMIT-GAUGES. 

In   the manufacture of all machines for which there is a  general 
demand,  as  already stated,  a  stage of relative  perfection is reached, 
when  for commercial reasons further modifications are  barred  and 
the machine is standardized.  The  advantage of this is that  the 
machine  can be manufactured  in sets, with special tools and jigs, and 
there is economy of time,  trouble  and cost. Also, machines  can be 
manufactured in whole or  in  part  to stock. Besides  such  standardiza- 
tion of complete  machines, and when the whole machine  cannot be 
standardized, it has become necessary in modern  conditions of 
industry  that  the  parts of machines  should be made in groups, and 
independently,  and so accurately that  they will come together  with- 
out  adjustment of part  to  part.  Any piece of one  group  must fit 
any piece of another. I n  other words, machine parts have now to 
be made  interchangeable.  This  involves much greater  accuracy than 
the older  method of fitting  part  to  part.  Easy means of accurate 
measurement  must be provided for the workman, and since, in 
modern  work, parts of machines are  often  manufactured in different 
workshops,  means  must be found for checking  gauges and measures 
against  a  correct  standard. 

Speaking  broadly, the practice in  the manufacture of machines 
has  been this : the workman  made  one  element of a  pair as accurately 
as practicable and  then  fitted  the second element of the pair to it. 
In   that  case it was not of importance that  either element  should be 
very  exactly of the intended  dimensions. So far as the working of 
the particular  machine was concerned the accuracy of workmanship 
was sufficient. But two  points  are clear. (1) As the pieces are 
generally initially made by different workmen  on different machines, 
they have t o  be brought  together  and  time  spent in  adjusting them. 
(2) The accuracy of fit entirely  depends  on the skill  and  judgment 
of the  workman  and  the  error  permitted is entirely  unknown. 

So far as the construction of single machines is concerned, this 
old method of fitting piece to  piece  was satisfactory  although costly. 
What is aimed at  now is, to produce the elements of machines 
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directly of such  accuracy that  they come together  without  adjust- 
ment.  This  involves  consideration (1) of what  differences of 
dimensions are necessary  or  permissible, and (2) of what  means of 
accurate  measurement  should be in  the  hands of the workman. 

I n  various factories, in which  machines of the same type  and 
dimensions  have to be manufactured in largo  numbers, the system 
of working the  parts  in groups to gauge, so as to be interchangeable, 
has now been  adopted. Perhaps  the most important case is the 
manufacture of Army rifles, where  such  a  system  has  long  been in 
use. But  the system is  spreading  to  many  other factories. One 
interesting case is the manufacture of engines for motor-cars.  Such 
engines, running at  very  high speed and consisting of comparatively 
small  and  light  parts,  require  the  highest possible accuracy of adjust- 
ment. But  at  the same time competition is very  severe and  the 
utmost  must be done to cheapen the cost of production.  More  or 
less generally,  such  engines are  built of interchangeable  parts  made 
to gauge, and  a  striking proof of the success achieved in doing this  has 
been  afforded this year. The Anglo-American  Motor  Company sent 
to Brooklands  track  three  similar cars. These  made  a trial  run of 
about 30 miles  on the track.  They  were  then  dismantled  and the 
parts of the cars  were  thoroughly  mixed in  the presence of a  technical 
committee. I n  addition,  other  new  parts  which  had  never  been 
fitted  in cars were  mixed with  the  others.  The  three cars were then 
reassembled with  parts  taken a t  random  from the heap, without  any 
readjustment by fitting.  After  this  the cars ran  an absolutely 
satisfactory  road trial of 500 miles a t   an average speed of 34 miles 
per hour and  with  a fuel-consumption rather below 30 miles to  the 
gallon of petrol. Interchangeability, speed, reliability  and economy 
were  all  tested with  satisfactory  results,  and the Dewar  Challenge 
trophy  has been  awarded to  the Company, as having  carried out  the 
most  meritorious  long-distance  trial held during 1908. 

At first  sight it might  appear that  to make  machine-parts so 
exact  as  to  be  interchangeable would increase the cost of manufnc- 
ture.  But it is not so. When proper  appliances are provided, the 
cost of making  such  work  accurate a t  first is less than  the cost of 
making  them  inaccurate  and  then  adjusting  them  to fit. 

The  first  step  to  greater  accuracy  is  to  get  rid of rough calliper 
measurements and  to have  recourse to gauges and micrometers. It 
was Whitworth who first  introduced  gauges  accurate to i-& inch. 
Whitworth even  produced  for John  Penn some limit-gauges, but 
they did not  then come into general use. 

With ordinary gauges,  exact to  their  nominal dimension, much is 
left  to  the  judgment of the workman. He allows  a  slackness of fit 
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between the work and  the gauge which he  thinks suitable, but of 
which there  is no definite measure. No doubt  very good work  can 
be and has been done in  this way, but it requires  experience 
and skill. 

The final step  in securing  high  accuracy is the use of so-called 
limit-gauges. For every  dimension there  are two  gauges  with a 
predetermined difference of size, a ‘‘ go ” gauge and a ‘L not go ” gauge 
(Fig. 6). The “ go ” gauge  must  pass over the work or it is too large. 
The “ not go ” must  not pass over the work or it is too small. If 
the “ go ” gauge passes and  the “ not go ” refuses, the inaccuracy of 
the work must  be  within  predetermined  limits. If a solid and 
hollow pair of elements,  such as a  shaft  and  its bearing, are  to  be 
made, there  must be two  pairs of gauges. A “ go ” and “ not go ” 
gauge for the  shaft  and  a  “go ” and  “not go ” gauge for the 
bearing. 

Consider  such a solid and hollow cylindric  pair.  There  must be 

NOT-GO GAUGE 

Fig. 6 .  
GO GAUGE 

I I 

a  small  difference of dimension or slackness of fit which is necessary 
according to  the  kind of fit which is required.  The commonest  case 
is that a  running fit is required,  the  shaft having to revolve con- 
tinuously in its bearing. I n  order that it may do so, there  must be 
a difference of dimension of shaft  and  bearing, or with  slight  heating 
or the presence of a  lubricant or a particle of grit,  the  shaft  and 
bearing would  seize. To  avoid the  risk of seizing, a  definite  difference 
of dimension is necessary, the  amount of which is determined  by 
experience.  This  small difference of dimension is termed the 
allowance. 

But now,  besides the necessary  difference of dimension  termed 
the allowance, there  are  the inaccuracies of workmanship in  the 
shaft  and  the bearing. When  the  shaft is largest  and  the hole 
smallest, there  must be still  the allowance. Hence the inaccuracies 
of workmanship must be additional to  the allowance. These 
unavoidable  inaccuracies of dimension, which are fixed within  limits 
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by the limit-gauges,  are called by the Committee the tolerances. 
They will vary  in  different cases according  as  a  very  high class of 
workmanship or  only  moderate  accuracy is required by the  character 
of the work to be done. 

Inaccuracy of workmanship arises in various ways, from wear of 
tools, from  differences of plastic flow a t  the tool's point  depending 
on  depth of cut, sharpness of tool, homogeneousness of material, 
and changes of temperature.  There  may also be differences of 
friction  and  inertia  in lathe-saddles and  other tool-carriers, and, 
lastly,  there  are  personal  equations of workmen. The accuracy 
required in good  wcjrk is  very  high,  being  measured in  thousandths 
of an inch, and  very  small causes may introduce  errors  which  are 
intolerable in interchangeable work. 

There  are  various classes of fit to be considered. 
A " running " fit is such that  the pieces, when  properly  lubricated, 

are  just capable of continuous  relative  motion.  A " close " fit is such 
that  the difference of dimensions is so small that  they would  seize 
if relatively  rotated. A '' force " or '' driving '' fit is one in which the 
difference of dimension is smaller still  and  the pieces can  only be 
brought  together by a  hammer or press. 

The  Committee confined their  attention  to  running fits. I n  order 
to  determine  the  limits of accuracy  actually  obtained in good 
work of various  kinds,  a  very  important  investigation was carried 
out by the  National  Physical  Laboratory  with the concurrence of a 
large  number of firms. An observer,  provided  with  accurate and 
calibrated  instruments, visited a  number of workshops and was 
allowed to measure a large  number of pieces of finished  work and 
to  determine the  errors of workmanship.  The results have been 
published.  They showed what  limits of accuracy  were  actually 
realized in good work of different types. 

A difficult question  arose  early in  the  inquiry. It was found 
that  there was a fundamental difference of practice in  the few 
workshops  which  had  adopted  limit-gauges. I n  some, the plug or 
shaft was made nearly  accurate  and the allowance was taken off the 
dimension of the  bearing  or hollow ring. I n  others, the  ring was 
made  nearly  accurate  and the allowance was taken off the dimension 
of the plug or  shaft.  The  systems  may be distinguished  as the 
" shaft basis " system  and  the " hole  basis " system (Fig. 7) .  After 
much  consideration the Committee decided to recommend the  shaft 
basis  system, in which the maximum  shaft-diameter is the nominal 
diamet,er, the tolerance  being  negative, and  the minimum  hole 
diameter is t,he  nominal  diameter  plus  the aUowance, and  the 
tolerance is positive. But they  foresee that  in some cases the other 
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system is preferable. They hare  arranged  their  tables of allowance 
and tolerances so that  they can be  used either way. This, however, 
is an inconsistency in the  action of the standardizing  Committee. 
However  necessary it may be at  the moment,  probably in some 
future revision of the findings, a definite decision will  be reached 
and accepted  by  manufacturers. 

On the basis of the measurements  carried out by the National 
Physical  Laboratory  on  various  actual pieces  (of work in different 
workshops, the Committee  have  laid down a scheme of allowances 
and tolerances  for running fits for three  grades of workmanship, 
first, second and  third class. They  have also provided an  additional 
class of t,olerances and allowances for the  extra fine workmanship 
in  instruments of precision. These  apply to  all dimensions up 

Fig. 7. 

HOLE B A S I S   S H A F T   B A S I S  

to 12 inches in diameter,  limit-gauges  not  being used for  larger 
pieces. The  Committee proposes to deposit at  the National 
Physical  Laboratory a set of standard plug and  ring gauges of 
the highest precision for each class of workmanship. For use in 
the workshop there should  be-(l)  reference  gauges which have 
been  compared  with the  standard gauges and certified by the 
National  Physical  Laboratory, and which are only to be  used in 
testing  the shop gauges. (2) There  should be the shop  gauges 
used  by workmen and compnretl from  time t o  time  with  the 
reference gauges. 

The following Table  gives  a definite idea, of the magnitude of the 
proposed tolerances and allowances. It gives the tolerances and 
allowances  for  a  3-inch and a 9-inch  pair of elements, and for the 
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three  grades of workmanship  provided for.  They  are expressed in 
mils or thousandths of an inch. 

RUNNING FITS. 

Gracle. Diameter. Tolerance. 
Shaft Allowance. 

Mils. Mils. 
1.8  1.8 
3.0 3 .0  
3.5 3.5 
6.0 6.0 
5.3 7.0 

9 9.0 12.0 
111. { '  3 

. l  
In mils = 0.001 inch. 

Hole 
Tolerance. 

Mils. 
1-7 
3.0 
3.5 
6.0 
7.0 

12.0 

The existence of a series of standard gauges at   the National 
Physical  Laboratory  and of arrangements  for  comparing  with  them 
and  certifying  reference gauges to be  used in workshops will, it is 
believed,  be of immense  assistance in raising  generally the accuracy 
of work and  in  preventing  the difficulties and  disputes which arise 
when fittings  obtained  from  one  manufacturer  are  found  not to be 
interchangeable  with  those  obtained  from  another. 

,!j"cretpThreads.-The earliest  example of standardization effected 
by  voluntary  action is the adoption of 

Fig. 8. the system of screw-threads intro- 
K- - P --l duced  by Sir Joseph  Whitworth.  The 

; enormous practical advantage of a 
~ common system was rapidly recog- 

F 

0 j nized and  the  Whitworth system  be- 
Y .a + came nearly universal, even in coun- 

m: 
i tries where the metric  system  pre- 
i vailed. However, time  tries  all  things 

- i and discovers defects. The  Whitworth 
screw-thread (Fig. 8) is too  coarse  for 

many  purposes, and systems of finer screw-threads,  under the names 
of pipe threads  and  gas  threads, came into use, without being  very 
strictly defined. I n  the case of small screws, under inch in 
diameter,  used  largely in electrical-instrument  making,  there was 
great confusion till  the  British Association  introduced a satisfactory 
system. I n  America, the Sellers system (Fig. 9) has come to be largely 
used without  entirely  displacing the  Whitworth system. On the 
Continent,  the inconveniences of a screw-thread  system based on the 
inch, led to various  proposals of metric  thread  systems, of  wllicll the 
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International system,  having  a  similarity  to the Sellers system, 
accepted a t  an  influential  conference a t  Zurich,  is  getting  into use, 
but  has  not  altogether displaced the  Whitworth  thread.  Lastly, 
automobile  engineers  adopted  screw-thread  systems of their own 
devising. 

It is a  very great  tribute to the sagacity of Sir  Joseph  Whitworth 
that his  screw-thread  system,  first proposed in 1841, is now in 
universal  use in  this  country, except for some special purposes, and 
is  in  very large use, in spite of more  recent  rival  systems, in  the 
United  States  and  on  the  Continent.  But  the  Whitworth screw 
thread  has one  merit  not  generally  known. At  the instance of the 
Standards Committee, some shock tests of Whitworth  and Sellers 
screws  were carried out by Mr. Matthews a t  the works of Messrs. Arm- 
strong,  Whitworth  and Company. A weight of 400 lbs. was  allowed 
to  fall 3 to 12 inches and expend its energy in  stretching  the bolt. 
When  the bolts were of very mild steel  the  Whitworth  and Sellers 

Eig. 9. 

_-___----- - - - - - - - 

- - -- - - - - - - - 
-_---__-_- 
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screws sustained  nearly the same  number of blows before  breaking, 
the  Whitworth  thread  having a slight  advantage. But with 40- and 
%%ton steel, such as is now used in high-class  machine  construction, 
the  Whitworth  thread sustained  a greater  number of blows than 
the Sellers. 

The  time had  come for  reviewing the whole position and  for 
standardizing, at  least for English practice, such  variety of screw- 
threads  as  might be really  necessary.  The  advantage of the  Whit- 
worth  form of thread is so great,  that it is conceivable and even to be 
hoped that,  ultimately,  the Sellers thread may  be abandoned and  the 
Whitworth  thread generally  adopted in  the  United  States. The 
Committee, as might  be  expected,  suggest  no  change in  the 
Whitworth system.  They  have devised a new system of fine threads 
of Whitworth form, to replace thc undefined and unsystematized 
fine threads now  used. Also a system of fine-pitched  pipe  threads, 
which  will replace the so-called gas  threads at present in use. 
Lastly, for screws under & inch in diameter they recommend the 
adoption of the carefully arranged system of RA.  threads, which 
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has  already been  largely  adopted in electrical-instrument  making 
and  similar  trades.  There will, therefore, be four systems of screw- 
threads  for  different classes of cases, all  strictly defined. 

The Committee  have also standardized nuts, bolt-heads and 
spanners,  and it may be expected that  this will remove a common 
and  vexatious source of trouble. 

But  the standardizing of systems of screw-threads  is useless, 
unless, in addition,  means  are  provided for the  accurate production 
of screw-threads  conforming to  the  standards,  and common experi- 
ence  shows that even Whitworth screws as hitherto produced are 
not  strictly interchangeable.  More than one  manufacturing  engineer 
has  found so much  trouble  with  Whitworth bolts and  nuts,  bought 
in  the open market,  that  he  has been driven  to  start  bolt-making 
departments  on  his own works.  The bolts of one  manufacturer 
would not fit the  nuts of another.  The War Department, which 
necessarily  buys  from  many  firms and  requires a high  order of 
interchangeability,  has  found  great difficulty from the errors of 
lathe  leading screws of different  makers,  from which a large part 
of the screws are  directly produced  and  which  fundamentally  form 
the master  gauges in  all screw-production,  The Standards 
Committee  were thus led into two  inquiries :- 

(l) An investigntion of the geometrical  conditions  on which 
interchangeability in screws depends and  the  limits of error in 
diameter  and  pitch  permissible  without loss of interchangeability, 
or the presence of prejudicial looseness or shake. 

(2) The  causes of inaccuracy in stocks and dies and  gauges  due to 
the  irregular  contraction of steel in hardening. 

They  found that interchangeability  depends  most of all  on accuracy 
of pitch,  and  next  on accuracy of the effective diameter (cle, Fig. S), 
that'is,  the transverse  distance  between the screw surfaces  on the 
two sides of the bolt or nut. These  two are related, so that  an 
error  in one may  be partly compensated  by  a  corresponding  error 
in  the  other.  Next, it depends  on the crest  and core  diameters and 
the thread-angle.  The  conditions of interchangeability,  are, 
therefore,  complicated. After much investigation  they  were  able  to 
lay down limits of permissible  inaccuracy,  examples of which are 
given in  the Table  on p. 129. 

What is now wanted  to secure a general  improvement of awuracy 
of screws  throughout  the  country is a means of testing  and  certifying 
workshop  reference-gauges.  To this end it is intentled that  standard 
gauges  shall be deposited at   the National  Physical  Laboratory. SO 
far as pipe threads  are concerned this has  already  been acconlplished. 
A set of male pipe-thread  gauges  for  pipes of -A- inch  to 6 inches 

Downloaded by [ Heriot-Watt University Library] on [17/09/16]. Copyright © ICE Publishing, all rights reserved.



ITS INFLUENCE ON EXGINEERING  INDUSTRIES. 129 

WHITWORTH THREAD. 
Tolerances. 

Diameter 

Full 1 Core  Pitch. Inches. 

Per Inch 

Full 1 Core 

Bolt. Rut. 
in Of 

Diameter.  Diameter. Diameter.  Diameter. 
~~ ~ 

1 ~ 2.5  

3 . 5  I ;:: 3-5 

6.0 6.0 6.0 

3.5 

l 
In mils = 0.001 inch. 

bore  has been made of hardened steel, of a very  high  grade of 
accuracy. These gauges are deposited at the National  Physical 
Laboratory  and will be the  standards of comparison for  gauges used 
in the workshops. The  British  Tube Association has, in addition, 
provided a set of travelling reference-gauges which it proposes to 
send  round to different works throughout the country for checking 
shop- and working-gauges. 

It is hoped that  this will lead to a great increase of accuracy 
in English-made  tubes, which will favourably influence a large 
and  important home and  export  trade.  The  annual  output of tubes 
and  fittings  in  this  country  amounts  to 350,000 tons,  having a total 
value of about 53 millions sterling.  The  tube  manufacturers have 
agreed to screw their  tubes to  the  British  standard when  required, 
and,  after  July  this year, to definitely adopt  the recommendations of 
the Committee  for all  their  output. 

At  Woolwich  difficulties have  arisen  from  time to time in 
obtaining  interchangeability in various accessories  of ordnance 
made  by  different  manufacturers. A committee came to  the 
conclusion that it was  necessary to find means  for  correcting the 
leading screws of lathes used in  the production of work  for the 
Arsenal. In  co-operation with  the  Standards Committee a special 
machine has been constructed by  Messrs. Armstrong,  Whitworth 
and Company, and it is placed at  the National  Physical  Laboratory, 
in a special house, where vibration  and changes of temperature can 
be  prevented during  its use in correcting screws, and where the 
operations are automatic, so that no  one need be  present. It was 
laid down that  to obtain an accuracy of 1. mil in 12 inches of pitch 
in the workshop, an accuracy ten times  as  great, or & mil in 
12 inches, was necessary in the gauge-room, and mil in 
12 inches in laboratory verification. The machine  has  been 
described by Mr. H. F. Donaldson, in a Paper at the  Institution of 

Proceedings of the'  Institution of Mechanical  Engineers, 1909, p. 253. 
[THE INST. C.E. VOL. CLXXVII.] K 
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Mechanical Engineers. Measurements of the master screw of the 
machine in  the  National  Physical Laboratory showed that  the  error 
was not more than i o,l"o inch at any point. 

The  manufacture of accurate  and durable standard gauges has 
been a matter of considerable difficulty, and has involved much 
investigation  and experiment and  great  technical skill. Colonel 
Crompton has  carried  out a series of researches on the  alteration of 
dimension which occur in  hardening  steel  and  on  the means of 
reducing  these  variations as much as possible. 

STANDARDIZATION OF PIPE-FLANGEB. 

There  is  no commoner detail  in machinery than a pipe-flange. 
N o  doubt  individual  makers  have systematized their own production 
of pipes and  fittings,  and have  formed their own private  lists of 
standard flanges, and on the whole existing  arrangements work. 
But  there is no  generally accepted rule  as  to  number  and size, and 
spacing of bolts, and  trouble  arises when sluices or valves are 
ordered from  different makers. There could be no disadvantage if 
a common agreement could  be arrived  at. 

One of the  Standards Committees has  dealt  with  this  matter. 
They have  made  experiments  on the thickness of flange  necessary to 
ensure  tight  joints. They  have proposed a scheme which  fixes the 
number of bolts, their size and  their  arrangement  in  the flange, and 
they have  done this for  four classes of pipe for low, intermediate, 
high,  and  extra high pressure. Further,  to secure accuracy they 
have caused to be produced a series of pipe-flange templates, very 
accurately  made  and certified as correct, and purchasable a t  a 
moderate cost. It is hoped that  this may save much trouble. It 
merely involves being systematic  instead of unsystematic,  and 
facilitates the work of' the pipe-founder and valve-maker. The 
Committee recommend that  the number of bolts should always be 
a multiple of four,  and  that  the  vertical  and  horizontal  centre-lines 
should bisect spaces between bolts. The diameter of the flanges is 
arranged  to meet the requirements of different  makers of fittings. 

But  here a difficulty arose. Steel pipes with welded-on  flanges 
are coming into use, and for welded  flanges a smaller diameter is 
sufficient than  for  cast flanges. Is  the  standard system to give way 
to  another when welded  flanges are used, or  are steel-pipe makers to 
use  flanges larger  and,  therefore, more costly than  is necessary 1 The 
Committee recommend that,  in  ordinary cases, the  standard system 
should be adhered t o ,  the advantage of uniformity overbalancing the 
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saving of cost of using rather smaller  welded-on flanges. But  in  the 
case of long lines of steel pipe this reason is less cogent,  and for such 
cases they have  arranged  a special standard for lighter  and  smaller 
welded  flanges. 

STANDARDIZATION OP LOCOMOTIVES FOR INDIA. 

In  only  one case have the  Standards Committee  undertaken  the 
standardization of complete machines, and  this was done at  the 
request of the Government of India. I n  this  country locomotives 
are  not standardized.  Each  railway-company  has its own designers, 
who are proud of the types they have established, and no doubt  the 
pre-eminent  quality of English  locomotives is due to  this competition 
in improvements. But  the absence of standardization  has its dis- 
advantages of delaying the execution of orders  and  increasing cost. 
I n  America,  standardization of locomotives has been largely  carried 
out by various  constructing  companies,  and  engines  can be  made  by 
them, wholly or in  part,  to stock, because if not wanted by one 
railway they will be accepted by another. 

In   the case of some  locomotives for  Egypt,  English  makers  asked 
for 48 to 90 weeks to execute an order, while  American  firms 
offered to execute it in l8 to 35 weeks, and even in 12 to 30 weeks, 
if some changes of design  were  pcrmitted which enabled  them to use 
standard details. As to price, the American  tenders  were 10 to 16 
per  cent.  higher than  the  English, if the designs of the  Egyptian 
Railway  Board were strictIy  adhered  to,  but, if they were  altered  to 
ccnform to American  standards,  then  the  American  firms offered 
to execute the orders a t  19 per cent. less  cost than  the  English 
makers. 

The immense  railway  system of India is either owned by the 
Government, or worked under  its control, and it presents an 
extremely  favourable case for  reasonable  standardization.  The  loads 
on  bridges  can be regulated, and it was considered that  standard 
dimensions,  weights,  axle-loads and working-stresses could  be  fixed 
for the looomotive; and no departure therefrom  permitted.  The 
designs for all locomotives for Indian railways are prepared by R 

few  consulting  engineers in  this  country,  and  little difficulty  was 
expected or found in reaching a general  agreement. 

A preliminary  conference  was  held  between  members of the 
Public Works Department of India,  the consulting  engineers  for 
Indian railways and locomotive manufacturers,  and  the  matter  has 
been further  dealt  with by a large  and  representative sectional com- 
mittee and a conference of consulting  engineers and  manufacturers 
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Existing designs  were  considered in  the  light of the experience 
both of manufacturers in  their  construction  and of engineers in 
their working  on the roads. In   the result,  two types, an express 
passenger-engine and a goods-engine,  were  adopted for the broad- 
gauge  main lines, and  three types, an express  passenger-engine, a 
mixed-traffic  engine and a goods-engine  were proposed for the metre- 
gauge lines. These  have been accepted by the  Indian Government. 
I n  each of these  types the boilers have the maximum  heating-surface 
and  grate-area  consistent  with  the  restrictions imposed  by the loading- 
rules. A standard six-wheeled tender  for 3,000 gallons of water  and 
73 tons of coal  was  also designed for  the main-line  engines,  and  one 
for 2,000 gallons of water  and 4 tons of coal for the metre-gauge 
engines. 

Subsequently,  three  heavier  types of main-line en,’  mine were 
designed for  those  lines  having  permanent way of sufiicient strength 
to  carry them.  The  details of the previously  standardized  types 
were largely utilized in these  heavier  engines, so that interchange- 
ability was secured  as far as possible. A larger six-wheeled tender 
and  an eight-wheeled bogie tender were  designed for use  with  these 
heavier  engines. The wheels of the  tenders  and  those of the pony 
trucks of the  engines  are  all interchangeable,  Finally, a tank-engine 
for local passenger-service was standardized. 

STANDARD SPECIFICATIONS FOR CEMENT. 

One  sectional  committee has dealt with  Portland Cement  and  has 
published a standard specification already  widely used. Cement is 
a  constructive  material of very great  and  extending importance. It 
is specially liable to defects, unless  supplied to  a good  specification 
and subjected to  stringent  tests.  Further, it is made in different 
districts  from  raw  materials of very different  character  and by very 
different processes. To  draw  up a specification, which  should be 
sufficient without being prejudicial to  the production of particular 
districts, was only accomplished after much  discussion  with  both 
manufacturers  and  large  users of cement. It involved also special 
investigations  carried  out by members of the Committee.  The 
industry  is  an  important one in which competition is specially 
severe. The  total  output of cement in  the  United  Kingdom  is 
estimated a t  3 million tons  annually, of a  value  between 3 millions 
and 4 millions  starling. 

One  representative of the manufacturers has stated  that  they 
consider the  standard specification a great boon to  the  industry,  and 
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that  they  are watching  with  interest and relief the  gradual with- 
drawal of innumerable  divergent specifications, often  impracticable 
and  not  infrequently  the work of amateurs. The adoption of a 
common  specification based on the best experience must  tend  to 
raise  the  quality of the cement produced. 

One cement-manufacturer  stated  as follows :- 
" The  result of the  introduction of the  standard specification of 

Cement  has been to save a great deal of inconvenience to  the 
individual  cement  manufacturer in  reducing to a minimum the 
variety of odd  specifications-some of them of the most peculiar 
and difficult  character-with  which he formerly  had to deal. In 
these  hard  times of competition it has equalized the conditions 
under which the various  manufacturers  have  had to quote." 

ELECTRICAL COMMITTEES. 

A very  large  amount of work has been  done by a number of 
committees in standardizing  the various  productions  required in 
electrical  engineering. It is not possible in a limited space to 
describe the decisions arrived a t  in regard to conductors, cables, and 
tramway-poles, the pressures, frequency and speeds of dynamos, and 
motors, and steel  conduits ; but  the  important assistance afforded 
by  the  National Physical  Laboratory  ought  not to be overlooked. 
It has  carried  out,  under the direction and  partly at the expense of 
the  Standards Committees, several important investigations, which 
could hardly  have been made  anywhere else.  One of these  related 
to  the  ratio of maximum to mean temperature in various  types of 
field-coils. The  mean temperature was determined  by  measuring 
the change of resistance of the coil. The  distribution of temperature 
was  measured by thermal junctions,  buried in specially-made field- 
coils, with different gauges of wire, when running in working 
conditions. The maximum difference of temperature in any field- 
coil  was found not  to exceed 25" C. As the ordinary  insulation 
of cotton and paper  breaks  down at temperatures above 120" C. it 
was made a recommendation that 110" C. should be the highest 
mean  temperature. 

Carbon-Filament Blow-La?nps.--The efficiency of glow-lamps is a 
matter which affects the comfort and  the pockets of a very  large 
number of people, and  there  has been a general belief that, in the 
absence of any means of testing  lamps  by consumers, or any means 
of getting a certificate of efficiency, many lamps commercially 
supplied were less durable and of more  uncertain candle-power than 
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was desirable. There is evidence that glow-lamps are sold which 
give 50 per  cent. less than  their nominal  candle-power and  many 
which  break  down  very  rapidly. 

The  Committee, with  the  aid of the National  Physical  Laboratory, 
investigated the life  and  candle-power of lamps  supplied  by different 
makers.  They  have  found  a definition of the useful  life of a glow- 
lamp,  namely, the  time  in which the M.H.C.P.  drops 20 per cent., 
when the glow-lamp is run  on a  circuit  with  a  pressure-variation 
not exceeding f per cent. of the  stated voltage.  From their 
experience they have  standardized  two classes of commercial  glow- 
lamps-one to have  a  guaranteed  useful  life of at least 400, and 
i,he other of 800 hours. Also they have fixed the  limits of variation 
3f M.H.C.P.,  which  should be permitted in 8, 16, and 32 candle- 
power lamps. Thus lamps of 8 nominal  candle-power will  be 
reckoned  satisfactory, if they give at least 7 and  not more than 
9 candle-power. 

Now if lamps are  to be tested, an  authoritative  light  standard 
must be established. The 10-candle-power Vernon  Harcourt  pentane 
lamp at the  National  Physical  Laboratory is accepted  as the  primary 
light-standard. For secondary standards  for  ordinary use,  glow- 
lamps  tested  and certified by the  National Physical  Laboratory will  be 
issued. A complete specification for  glow-lamps  has been drawn up  and 
arrangements have  been  made  for testing  lamps  and  branding  those 
which comply with  the specification. Of course  every  lamp  cannot 
be tested,  but sample  lamps will be taken from  each  batch and  fully 
tested.  The  outcome, it is hoped, will  be that users will be able to 
purchase  lamps  which  can be relied on, as conforming with  the 
standard specification, both as to candle-power and  durability. 
Probably in  the  near  future metallic-filament  lamps will have to be 
standardized in  the same way. 

Further investigations  are in progress,  on the possibility of 
substituting  for  an  ordinary  life-test, which involves great delay, 
a shortened  running-up  test. Glow-lamps certified by the  National 
Physical  Laboratory will be issued as secondary  light-standards,  and 
standard gauges  for  dimensions of lamps and caps  have  been placed 
at the  National  Physical  Laboratory, which will issue certified 
reference-gauges to  be used  by manufacturers. 

There can be no  doubt whatever that  the high standard reached 
in modern  engineering  has  been  achieved by the accumulntion of :m 
immense  number of smnll improvements,  due to the effort of 
manufacturers  to  obtain  results  better than  their neighbours and 
rivals. To  a certain  extent,  standardizntion  tends  to check the 
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making of incessant variations, some of which prove  successful and 
survive. The evolution of mechanical  processes is  like  tha,t of the 
animal worId, accomplished by the tendency to small variations  and 
the survival of the  fittest  in  the  struggle  for existence. Hence 
standardization, at  any  rate such general  standardization as has 
been  discussed in these lectures, must be strictly  limited  to cases 
in which any  risk of stereotyping operations and designs is  least. 
But,  further,  there is need that  the decisions of the  Standards 
Committee should  be  revised from time  to  time. At  present  there 
is an  annual review by  the Committees of their work. Representa- 
tions made to  the Committees, by anyone concerned in  their 
decisions, are carefully considered, and modifications or revisions 
are sanctioned wherever they appear to be  desirable. 
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